I 


.1(4 criticism of 
1 publish ideas 
Uy emphasized 
- first and they 
dged in ocher 
to be widely 


piently require 
tl paper. Ideas 
k in the field, 
irrespective rtf 
'filer. Medical 


the biomedical 
i: beginning of 

lypoiheses ar& 


oriel should he 
4HS, Canada, 
irinted cm the 

Melbourne and 

'S. Subscription 
ongmaii Group 

n of the issue. 


niUed in say form. 

a > <*r (he copyright 


•fftaJ usd un the foiling 
-hu»ci,b i ;sa, (W 

mid be eoufihl dftnc-i favm 
Dru motion* l livr 


Medical Hypnthnsea 17 : 285 - 297 , J. 9 B 5 


KICOTINE AND CIGARETTE RMOKJUCt AM ALTERNATIVE HYPOTHESIS 

a.t, Cho.pib«irlain and T.W. Higanbotiam, Department of Respiratory 

Physiology, Addenbrookv's fTonpital, Hll J a Head, Cambridge, CB2 2QQ, 

United Kingdom. 

ABSTRACT 

A new hypothesis is presented to explain some aspects of hetman smoking 
h dhavi cu.tr . While acknowledging the Importance of the nicotine 
Self-titration phenomenon., .ohatigtis^Tn.-pufE-ing-intensicy doting the 
smoking of a single ciBAretteaamecjtKl^c.e<l not tao^-the control of 
nicotine uptake but tn thc^ttRvdiFir'rati.iyTf.Tif.-eignteCCOLSttiokc.-cOflsposIrcion . 
aeprtom-tii inbafeSiiOO- it is euggttsted that nicotine, in addition to ltd 
central effects, ha® the local, action of reducing the ae.ucu airway 
response to irritant compowants of cigarette Smoke. The aew hypothesis 
explains Borne of the 'anomalous' results of smoking behaviour research, 
and has implications both for cigarette design and for the 

rccomnuiTidsrions made to smokers by matiitory health agencies. 

TMTHOPUCTTON 

There now exists a substantial body of evidence that supports the view 
, that smoking provides a method of nicotine self—administratlon (1). 

The d.OAc-tdvnn iccjj:-f n e (and of other ingtredi exit's) iur-efti* 'fiSbke -0 bSsTTSbd . \ 

«=f-ro'nt~ti-cc.igar^tee will depend not only on the 'strength' of the ,A . 

oisaffttte hut » Iso»nnrt1ved.1_r, tens! ty-'-jfi.ch:. which, rit- 1 e.AUnoked. The A 
term dhtmsi.ly auenmpasae# variables such as puffing (ptLfI >’rjl.\u;iu and i1 \\r_ (d ■ 

fTBjuenBjptnfc puffing), inhaling (depth and durall on of Inhalation) and s —■ O 
butt length (amount of the cigarette left unsmoked}; tl;ene are ;;I1 Gift* ) rti, nl vi,w . o 

amenable to voluntary control by the smoker, and may inJiutuce^tTCS* ’q “ 1 1 

niitouci^of -Pii.'OJri.Tie-ahsotfee.iJt-tini'acaiTigie-cj.gaTette. Eurthe.rmnre, in OfjLf . lt_Ap*it£S 
analogy to models of drug dependence ir. has been «rgu*<l that KmokWSr*** Q 
ro ntroi. n t heft smoker (tltrike to -lekiev.6._an d malptal n .a._clps lmd- piflc.nh.i 
c.o ticentratleji ,of„u;itofina. This regulatory phenomenon, presumably 

TnfcfdiaCd by the Action of nicotine op the central nervous aynlyn, is | 

termed ' Bclf-ci fcrerl on' (2}. nicotine is mataholj.s Ad in Che human body ; 

with a half-life in. plasma of about 20 minutes (3), and the average • 

smoker consumes at least one cigarette pur hour, rhus it seems prohabla 

that, the frequency of cigarette consumption, conventionally measured In 

cigarettea‘ par day, la an. important additional vQxiabln that in 

combination with cigarette nicotine yield, puffing, inhaling add other 

rtiuceereriBtics> determitlye hath plasma nicotine levels and the overall 

rate of uptake of nicotine. 

The rc.lAtiondhipu between the above-mentioned variables can be combined 
In a Simply, 'ay#tcms’ mode.l of nicotine homeost&sln (Figure 1), In 
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tMs model nicotitl'i 1 i.ipnake is c{e.tp.rnitrte<l by pLifi®*) picotiliC 
cortcentr^cion vis a negative feedback loop mediated by the* centtal 
nervous tfyateni and accing on smoking behaviour. Nlcntitte uset-siboll sd F« 

HSeutned no be cojidencraCion-HfLepertdei'ifc Hiid Will Ch«a equilibrate with 
the rate of uptake of nicotine* tn principle, the perturbation oi any 
component of thin model ahoul d produce a compensatory chaa^jc T.rt the 
rafce-’cantrolling parameters (puffing. inhaling, overall clgarer.re 

coii&Aimptlon} til a <tf Tr«*ctidii that minimisen any chun^e in 
nicotine l^Veln- This theoretical cotiAlderation has led to a dive rue 
range df experimental procedures being nmpLoyed ip t'O-fittng the? ulr.ntine 
BhIf-titration hypgLtiesIa. Changes In smoking behaviour have been 
monitored following manipulation of cigarette nicotine yield 
plasma nicotine concentration (15*16), urinary pH (which affsetfl 
nicocine/cetlnln^ equilibration (17)) JvA followine Clie admiion 
of nicotine antagonist? (18)* The results ot' these experiments by no 
means provide u)r»re than equivocal support Foe the nlttOtlne 
self—titration Hypothesis (19): In t raven CVtAS administration of nicotine 
may decease averoll cigarette consumption (15) but hss no abtfcrrvf»b1e 
effect on the intensity with which indi-vidual cigarettes are w-mfiked 
(16), Similarly, out of che 17 "branch-switching' ejepetiments (4—14) 
qr known to. the authors, only II yielded the expected aoxopermACnry 

response i.n puff volume following changes in dgsiptite nicotine yield- 

Furthermore, a study designed to identify the separate eflrecr.s of ! 

cigarette car and nicotine yield on pufflug intensity showed chtft when I 

tar yi^ld was statistically controlled for, Eunokors of cigarettes with 
higher yield* of nicotine took larger puffs of smoke from their 
cigarettes than did smoker h ot cigf in *tee with lower yields of nlentinc 
( 20 ). 

We beliav<i that tho experimental evidence ifl consisT.ent wLLU smokers 
'comp enacting' for changes in nicotine uptake by regulating uliu number a 
df cigarettes smoked per day (21), although it should be nnr t «4 that 
estimates of individual doily cigarette canauraption -rely on subjects ' 
a elf—reports (subjects ape rarely uioxil toted in the laboratory tor more 
than a. few hours ac a time) and therefore constitute IflBR reliable data 
than i? provided by measufeminrs of smoking intensity taken under 
controlled laboratory conditiflna. It is our further belief ihor 
changer in puffing intensity do not play a primary rola in the 
titration of nicotine uptake. Tn out view, dlfEetcntOS In puffing 
intensity* whic.h ace uWerVQd during the RtnokiiiR of a oingle cigarette 
(10) ns well as between clgaretteR of different tar and nicotine 
yields, reflect an attempt, by the amokor to exercise control rw<tv tha 
(relative proportions of tobacco afiioke inp,rftdifents prior to inha f.AC inn» 

We propose that nicotine, In addition co its central affect's, has* Uto 
f local action of ^upprasaing an acute airway re&pnnae id irritant 

component? of tobar.ro smoke, and we infer that smoking pAr.tanut 
resulting In an increase in the nicotine r-oncencration oi ■individual 
smoke particles will be reinforced by the accompany 1 ng reduction in 
Irritant response. The' nicotine concentration in. t\*ir psrctcjuluU jh Is 
paradoxically A function of both tar and nicotine yield*, 3luce the tar 
yield L* calculated ae the- dry weight of particuleltJefi after nicotine 
extractionj nicotine concentration c.an be approximated by dividing 
nicotine yield by the sum of tar and nicotine yields. Our new 
hypothesis, and same of the important testable deductions Chat nan be 
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drawn 1 ro m it, are presented in more detail be. lew. 

THE H^PQTHE5TS 

The J rrU-anc properties of cigarette Bmoke, and the paradox c»f 

Intimation 


Cigarette smoke Is an "irritant' to bronchial epithelium, and 1 C 
rcmi.ina n paradox Chat aiuoKetn ate able to lnhala »moK.e* On 
Inhalation, cigatecte smoke can initiate bronctiocon&triction via a 
vagal reftex (22,23) and it appears that the- degree of 
bron«rhoctm?J trice ion increases with the amount of * tar * or particulate 
martar in hh* Mtnoke (22,24,25)*, Vet in nevstal latpe scale Studies in 
which smokers were allowed to smoke lri. an unconstrained fashion lie tie 
Afttitn hrotidhoconstrifitlon was recognised (2f»,27)* The pattern of 
'normal" smoking euggeats 'thac smokers are able to modify the 
com?titvienfcps 06 smoke co le^wei'i lu irritant quailclaa prior to 
inhalation: the puff of smoke Is held for a short period In the mouth* 
allowing senile waceT—fsoltible ingredients to be absorbed (29), and che 
puff i.R further diluted with room air before it is Inhaled (29). We 
propnar*. ebat in addition to these recognised tficann by wliieh aaite 
bironc-bocone trice ion might be avoided, the smoker can control the 
nicotine concentradon of the ^trnoke by modifying rbo intensity with 
Which lie pnffe At the cigarette. Wo belieye that the purpose of this 
propoyed rrmchaniteun is to counteract Llui irritant ^uallilea of che smoko 
(ortilcb wa utjunte with the particulates) by lnrjreastng the fraction of 
chose particulates which an? present as nicotine, ft n animal study hae 
fihown that nl r.ot: 1 n<> admlni-aceced ac an aetoBol devr^sctu bronchial 
reactivity to me.cachollne (» chetnical analogue of acetylchotiue) (30), 
implying that nicotine might l>e able to euppr^a^ the vagaHy-medisted 

bronchial irritant refLaatee. Whether the ssme is true in man remains 
uimurk.iln, although there is evidence that chronic exposure to cigirete 
smoke also BU.pprftCis«A "irritant* airway responses, jh sums young 
flmOkerd have reduced btbrtchial rospoiloeH cq inhaled lilaKamilla (31). 

We HUggeflC thbTsfote that may attempt to balance the mrount nf 

tar and tha amount of nicotine in the nmoke which they draw from a ■ 
cigarette in ufdest to facilitate the subsequent inhalation- It Is the 
nicotine concentration In the particles of smoke, rather than the 
overall nicotine yield of the cigarette, chat in our view ia the 
print; f p»i 1. d«t^rmf t^nfc of the amount of smoke puffed (i*nct hy implication 
itill i\ led) from a cigarette, furthermore M our hypothesis vquld predict 
that smokers, while Smoking a plpgle cigarette, will alter their 
prtttorn of puffing In response, to the Increftf*?. in tar to nicotinA ratio 
(«nd hence* decline In nicotine nonc-entration) thee is known to occur as 
a cigarette is progressively consumed (32) _ 

Changes in smoke, and changes 1 t> smoking within the c-igaratte 

The published yields of tar, nicotine and other ingredients of 
cigarette smoke are determined using smoking mschines which smoke 
cigarette* (n a stundard, reproducible fashion. Unlike human smokers, 
the. ci? machines maintain a cone cant puff volume., puff duration and puff 
AlitarWaX throughout the 3“-Id minute period between lighting the 


268 


cigarect* 

*»candarc 

nicotine 
the rati*, 
in nicotd 
contrast 

the ciga> 
change i* 
rdiiuctioi 
nicotine 
progress; 
ate able 
at a des: 
puffing * 
psoporci* 
opet^tln. 

If this 
imp or tan 
Wc-il d ex 
IntBTiBit 

tat and 
Intsmiic 
product 
HEljf-ttt 
litiks pH 

Dif S CT-CT' 

In a *tc 
r.igarect 
patterpE 
regress} 
cigareci 
frota rtw 
Intanali 
tar ytG3 
higher ; 
tlgfltett 
at hlglH 
noted cl 
self—fci 1 
for siuol 
eompenai 
this i«i 
o ice tin- 

condent 
to have 
f-pota a 
while h 
elgsret 
L Belf-tl 
nlcotln 



PM3003733210 


Source: https://www.industrydocuments.ucsf.edu/docs/szlj0001 






SENT BY:Advanced Inforfflatl 


on ; 6- 4-99 ; 4:01PM ; 


(734) 459-8990/B-> 


18042742160;#18 



it 


Xcu 1* ce 
iidioa ii\ 
n little 

of 


cigarette and extinguishing it ac a preset butt length* Under fcheac 
'standard' stuping c,oiidl, proportionately more tar «nd less 
nicotine is delivered as the cigarette burn*, leading to nn Incce^ee in 
the ratio of tar to nicotine in the smoko (32), reflecting a reduction 
in nicotine concentration in the particulate*» Human mnakBr# by 
contrast reduce puff volume and Increase the interva3.e between puff* as 
rbe cigarette is progressively nmoked (10,33—3i>) . This direction of 
change in puff volume and frequency of puffing, amowAtlng Cn a 
reduction in juiffiug intensity, flis,Fk.@tily reduces the ratio of tar to 
nicotine in tile smokfr (36,37). W»4 propose that human flmpketi, hy 

progressively roduclug the intensity of puffing as th<* cigatetc burns, 
fi r£ able to stabilise ehe eone^ocration of rtieotinc In the particulates 
al a detfired leva) - certainly, machine. duplication of the* uatual 
puffing patterns used by humans ahowe that humau smokers derive 
proportionately mare nicotine from a cigarette than, does the machine 
operating under 'standard' conditions (6). 
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if this response to within^cigarette changes in smoke compositton La an 
important aspect of Lhe human physiological adap^atinti to srooitinj;, we 
would expect to observe the same pattern of di£fer«aTic«*s in puffing 
intensity among smokers of cigarettes yielding different proportions of 
ter and nicotine* and we would expect atfokeTn to change their 

intensity of puffing when they switch from theJr usual cigarette to a 
product with a different ratio of car to nicotine* Tho nicoefnn 
at) f -til;ration hypothesis makes neither of these predictions* since it 
linko puffing intensity solely to the rtlcotlrtC yi«?ld 6f the cigarette. 

Differences in »moke, and differeaega in smoking between cigarettes 

In a study designed to Idealtfy factors Influencing the mariner In which 
cigarettes are smoked, Sutton atid ccworkera (20) recorded che puffing 
pa.er^rns of smokers of a wide rauge of c'lgaratc^s. A muleipi<>. 
regreeftion analysis wan vised to compare the separate effects of 
Cigarette cat and nicotine yield on the total. Volume of aflloke puffed 
from Che cigarette (total volume puffed 1* a aummaty measure of puffing 
Intensity* combining puff volume and interval between puffs)- When the 
tar yield was statistically controlled for* sm^eta of c±gotoctee with 
higher yields of nicotine puffed larger volume b of avmke from their 
cigatfetcaa, Coiwereeiy when, nicotine yield was controlled for, smokers 
of higher tar cigarettes puffed smaller volumes of aranke- The authors 
no tad chat these results Were nor. consistent with the nicer* ne 
SBlf-citration hypothesis, and interpreted their findings as evidence 
for flciokctfl 'comptnaacing' for tar yield differences over and above any 
compensation for differences in nicotine yield* Our interpretation of 
this important study 1.8 very dllfe^nt- Variati<?** in tsr yi*?T*l and in 
nicotine yi^ld Viavq separate and opposite effects on the nicotine 
concentratina in the smoke, and would be expected, by our hypothesis, 
to have separate end oppnait^ sfffters on the volume of smoke puffed 
ftom a cigarecce. Out* hypothesis predicts that Increasing nicotine 
while holding ter constant Will reduce the "irritant' properties nf 
cigarette smoke, allowing more intensive puffing ~ the nicotine 
self-titration hypothesis Would predict less iritetiaiv** puffing as 
■nicotine levcjs increase* 
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Arrows indicate direction of change relative to the “usual 11 , "control 11 , nr '‘medium" brand. In Tobin 8 Sackner's study 
the "high" c'garette is considered more representat rve of their subjects' usual brands. In frith's study smoke volumes 
(asterisked) were given rr arbitrary units. 
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Clearly Sutton and coworkers' results are evidence In favour of our 
hypothesis: nevertheless, It could lie argued that a single, 
iWsir^aacHonal study might be biased in its Selection of BUbjeetfl, 
perhaps because smokers of low-tar cigarettes differ constitutionally 
from other Bitok-ers. Wo have therefore .examined the data from all 
published 'brand-switching' ntudlee in which puffing patterns were 
iwunlLored before and after smokers 'switched' between cigarettes Of 
known, different yields. As noted above, smokers appear to increase 
their rate of^ cigBrec te consumption, measured ag cigarettes aiaot^J per 
day, when they switch to cigarettes with lower nicotine yields (211. 
and we recognise this phenomenon ere a seif—tl tra Cleft mechanism- We 
question, however, whether Che Increased Intensity of puffing which 
also rosy bo observed on switching to low—yield cigareten in similorly 
attributable to nicotine homeostasis: compared to medium-strength 
products, cigarettes with a lew machine—smoked yield contain tobacco 
with a higher nicotine concentration (381 and despite their lower yield 
o£ nicotine the smoke particulates paradoxically may have a higher 
concentration of nicotine then particulates generated by medium 
strength products. 

Slfcueu 'ewitchiog' studies are known to the authors in which changes In 
puff volume were monitored - together these document a total of 17 
change* between brand*, and are listed In Table 1 (d-14), From each 
Study we extracted data on Che tar and nicotine yields of tile 
cigarettes together With the mean pu££ volume, puff frequency »nd total 
volume puffed both before and after brand—switching- For one study 
(9), the cigarette yields were not published, bur. the values were 
obtained by personal comriqnicHtion with the author- The studies varied 
In the number of subjects monitored and in che period over which tha 
subjects accustomed themselves to the different cigarettes: 
furthermore, two studies (.il,12> used research cigarettes with yields 
felling outside the range of commercially available brands, Tn view of 
these differences in methodology ye have restricted our analysis Co a 
simple- Chi—equated toaf Of association between the direction of Change 
in nicotine and the direction of change in puffing intensity, In an 
attempt to determine whether measures of puffing Intensity are better 
predicted by the nicotine yield of the cigarette or hy the nlcotin* 
concentration in Che smoke. The values of dhlnaqusred are given in 
Table Zi although none of the values achieves statistical significance 
sc the conventional p < 0,05 level (perhaps as a result of the 3nwll 
sample bIcc) there appears to be n relationship between the directions 
i>f change in Cigarette smoke composition and volume—related measures of 
puffing Intensity, and that for puff volume at least, the association 
between puff volume and nicotine concentration In the smoke la stronger 
than the association between puff volume and nicotine yield, marginally 
favouring our hypothesis, filearly, in brand-switching studies there 
are confounding factors influencing pufiug intensity - these will 
include differences in cigarette draw resistance, rente, mid 
acceptability d£ etie test brand to ch« smoker. Nonetheless, this Is an 
area In which further carefully controlled experimentation would be 
profitable, particularly with cigarettes of similar- strengths but 
differing ratios of Ingredients. 
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Values of * for the association between direction change in cigarette 
yield, smoke nicoline contentratiun and measures of puffing intensity. 



Puff Volume 

Puff 

Ffequency Total uol ume 

Puffed 

NI cot ities vield 
cl f Crgaratt*? 

0 . 7.3 


0.03 

<-'*5 


Smoke NIr-otine 
Concentration 

1 . *)Z 


0.06 

1,50 


2 

Value? of X hijv«j 

F < D .05 a value of 

be«n corrected 
x2 Of ?. 81 j Is 

fpr continuity. 

requi red, 

For significance 

at 


Fla&ma nlc.qtlnQ and puffing Intensity 

Irt contrafit to change* In. cigarette smoke composition, variation. In 
plufeAta nicotine levels appears to h»ve no effect on th* inr^yjalcy with 
whlnh Individual cigarettes are smoltsid. Periods of a few hours aronking 
deprivation, sufficient to produce a significant falJ in plasm*. 
nicoti-u«3 levels f hove no effect On the puff volume -and frequency n£ 
puffing from suha^quenc cigaretoas (39 1 )- This finding ia corroborated 
by the results of an experiment ia which niejadne was admirtlsterod 
intravenously nfMle subjects yiiff^d from a contlhually—replaced 
cigarette tl6). No changes id puff volume or puif frequency verc 
detected during or after the pulsed Ift^ecfion of nicotine bnli f whereas 
inhalud doses of smoke from a cigarette t>f a different composition to 
th^t of the conliiiuially-replied brand produced largd-* transient 
e«curtsiorifi from the mean lev*.! of puff volume and puff frequency, Wc 
infer chat Among these subjects the primary effect of the Intensity of 
puffing was to influence uigarutte &tnuke composition riachcr than to 

titrate nicotine uptake, atttf we ci te Uh^HC results further support 

for our hypothesis * 

CONCLUSIONS 


Nicotine i© the only proven p ay chopliarm&co log! rally—active ingredient, 
in cigarette aradka (I) and ue have tip reservations Chat it ia a 
controllirtg factor 1 t n overall cigarette cfinBumption a as, measured by the 
number of cigar ettCR BT&oked p*r day, Wg have, however, demons era ted 
chat tha published data on human omolting behaviour is consistent with 
nicotine ploying an additional role, which've suggest is attributable 
to a local setinn of nicotine cn irritant receptors in the airway**. 

The evidence fpr this hypothesis ia found in >) vide wagp of studies. 
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mill the hypothesis explains results Which 4K hard to interpret under 
the nicotine self—titration model: we have showa why cigarettes with a 
higher content of nicotine are paradoxically smoked more intensively, 
and have explained the 'anoraaloua' finding chat nicotine administered 
intravenously has no effect on puffing intensity. 

Chit hypothesis hhn implications both for thd design of 'safer' 
cigarhttes, and fat the advice given to xmufcers to enable them Co 
minutiae their health risks if they peralot in amoklug, Smokers who 
I are unable to give up the habit have been treeotrme.tided to smoke low-tax' 

• j cigarettes with enhanced nicotine yields (40,61), If, as tta believe, 

the smoko from such cigarettes is easier to Inhale, the smoker may ae a 
resale Increase his exposvr* to other toxic ingredients In tobacco 
smoke. Supporting evidence for chie maeitlon comes from a 
'1 brand—awlcching study. In which an increased retention of carbon 

/ monoxide was observed when subjects switched to an enhanced—nicotine 

5 cigarette (11). 

j 1 

• Among cigarettes rnsnufectured in the United kingdom the averaga 

sales-wcighted nicotine content of the araoka, expressed ae a percentage 
of 1 ST, has been Increasing Bteadily since 1974 (42), largely as a 
result of the popularity of Itw-tat cigarettes with a medium dallvery 
of nicotine. Among currently-avaliable American cigarettes* brands 
with lower machine-smoked nicotine yields actually contain tobacco with 
a higher nicotine concentration than la found in the higher-yielding 
brands OB) > and almost certainly deliver smoke in which the 
particulates have- a high nicotine content. The fact that theee 
modifications to cigarette design have been accompanied by a decline in 
machine-smoked car yields has elicited Che approval of statutory 
(Joternmant health agencies. We recommend that before encouraging 
furLher changes in the composition of cigarette smoke, we should 
improve our understanding of the factors that determine all aspects of 
smoking behaviour, 
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